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ABSTRACT
With the ever increasing demand for potable water due to the continued
increase in population coupled with the threat of California’s current drought,
water will remain a limited resource that must be managed responsibly. In
order to strategically plan and manage water use in the most beneficial
manner, water providers must take into account all sources of water, including
recycled water and their applications. Recycled water as a source for
supplementing high quality potable water is a sustainable strategy that will
prove to be an essential tactic in any water management plan.
The purpose of this project is to emphasize the importance of
supplementing potable water in the City of Banning by discussing the
characteristics of California’s current water drought; evaluating the City of
Banning’s available water supplies and current water demand; discussing the
Soil Aquifer Treatment process; summarizing California’s regulations related to
recycled water; and discussing the quality of recycled water available at NP-1,
an unequipped City owned water well, by examining water quality testing on
water samples taken from NP-1.
Analysis of water available at NP-1 showed that with additional
disinfection, the water pumped from NP-1 could meet the recycled water
requirements in order to be used on a local golf course. The local golf course
is currently being irrigated with potable water, which would be supplemented
with the recycled water from NP-1.
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CHAPTER ONE:
INTRODUCTION
As of this writing, California is at the end of the second driest year in
recorded history and hydrologists claim that the third and driest year is right
around the corner and four consecutive years in drought. Several identified
factors contributing to the drought and the shortening of water supplies include
statewide agricultural; urban and environmental demands at an all-time high;
major reservoirs at half capacity and diminishing; a dwindling Sierra
snowpack; and an increase in the use of water for fighting wildfires.
Regional and local water suppliers are scrambling to conserve water
and implement action plans for derailing the depletion of water supplies. This
may be achieved by water resource managers who are tasked with analyzing
their water portfolios to ensure that all available water supplies, such as
recycled water, are used efficiently. Recycled water has, in some
communities, not been widely accepted. Recycled water as a source of
supplementing potable water can prove to be a sustainable water
management strategy that can play an important role in building local selfreliance.
The City of Banning currently treats approximately 2.1 million gallons a
day of wastewater. The treated wastewater is then discharged into basins
where it is percolated into the ground where it is treated further by a Soil
Aquifer Treatment (SAT) process. It is believe that the final treated water can
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be a potential source of recycled water for the City of Banning to be used for
irrigation of golf courses, parks, school fields and other landscaped areas.
Summary and Purpose of the Project
The purpose of this project is to emphasize the importance of
supplementing potable water with recycled water in the City of Banning by
reviewing literature related to California’s current water drought; evaluating the
City of Banning’s available water supplies and current water demand;
discussing SAT; summarizing California’s regulations related to recycled
water; and discussing the quality of recycled water available at NP-1, a City
owned water well, by examining water quality testing on water samples taken
from NP-1 in order to determine if NP-1 can be used as source to irrigate a
golf course and landscaped areas within the City.
Water samples were obtained during pumping at NP-1. The amount of
pumping that was conducted for this project was limited due to funding. Due to
the well’s proximity to the wastewater treatment plant (WWTP) percolation
ponds, it is possible that longer periods of pumping at NP-1 could result in
different concentrations of the tested constituents. An additional limitation to
this project is that bacteria and virus analyses were not conducted, therefore it
was not possible to determine if the water available at NP-1 would require
additional disinfection prior to use.
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CHAPTER TWO:
REVIEW OF LITERATURE
2014 California Drought
In its third driest year on record, California residents are beginning to
see the dramatic effects of the State’s current drought situation such as
impacts in agriculture production; water supplies and deliveries; and impacts
to commercial sector and trade. According to the National Integrated Drought
Information System (NIDIS), U.S. Drought Monitor (www.usdrought.gov, 2014)
California has reached the highest intensity level, D4 “Exceptional Drought”
and the worst drought impact type, Long-Term (see Appendix B, Figure 1).
The lack of rainfall and snowpack has underscored the importance of
groundwater supplies and the role they take during multiple dry years. The
Western Regional Climate Center (WRCC) has ranked the 2013 California rain
year on the top of the list for having the least amount of inches of precipitation
of all recorded dry years (see Appendix B, Figure 2). According to the WRCC
the 2013 rain year statewide average precipitation was recorded to be 7.0
inches. The next driest year with the lowest precipitation rate was 1898 with a
recorded rainfall of 11.6 inches.
According to the Department of Water Resources Data Exchange
Center (cdec.water.ca.gov, 2014) as of June 30, 2014, precipitation in
California has reached 50 percent of the average to date and runoff has
reached 35 percent of the average to date.
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In addition to rainfall, snowpack in California plays an important role in
its water supply. Snowfall rates are their highest during the winter months
when water usage is low. The snowpack acts as a natural reservoir that is
relied upon to replenish reservoirs prior to the summer and fall months.
Typically, one-third of water supplied to end users comes from snowpack
(cdec.water.ca.gov, 2014). According to the Natural Resources Defense
Council (NRDC) April 2014 Fact Sheet, the State’s annual average snowpack
stores about 15 million acre-feet of water, which is greater than all the water
used by California cities in 2010.
The NRDC estimates that the 2014 snowpack could be the fifth lowest
on record since the state began keeping track in 1930. As of March 30, 2014
California snowpack surveys have recorded statewide snow levels at
approximately 29 percent of April 1st averages. Future snowpack trends in
California are predicted to continuously decrease. The April 2014 NRDC Fact
Sheet projects that a 25 to 40 percent statewide snowpack decline, relative to
historical trends, will be observed by 2050 and a 50 to 75 percent decline by
2100.
Although snowpacks are directly related to the northern and central part
of the State, the lower than average levels have adversely affected water
supplies in southern California. For example, the State Water Project (SWP)
receives water from river basins that are fed by snow melt. The SWP provides
water from central California and supplies approximately 30 percent of the
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water used in southern California (water.ca.gov, 2014). In 2014, for the first
time since the construction of the SWP in 1960, regulators temporarily stopped
water deliveries to southern California.
While precipitation and snowpack levels are lower than historical
averages, agriculture and urban water use throughout the state remains
constant. This has resulted in low water levels in the State’s reservoirs. As
tracked by the California Department of Water Resources, all major reservoirs,
with the exception of Pyramid Lake, are currently below historical averages
(see Appendix B, Figure 3). A recent study conducted by UC Davis found that
the 2014 drought will cause a 6.6 million acre-foot reduction in surface water
supply (Howitt et al., 2014). It is estimated that the state will offset this
shortage by 5.5 million acre-feet using groundwater resources (Howitt et al.,
2014). The study suggests that the net shortage of 1.1 million acre-feet will
cause a loss of approximately $1.5 billion to the agriculture industry.
Groundwater in California plays an important role in the State’s water
supply especially during dry years. Groundwater basins in California provide
close to 40 percent of the State’s water supply during an average year and 60
percent during a dry year (Alemi et al., 2014). Some areas of California are
100 percent reliant on groundwater basins for agricultural and municipal water
use (Alemi et al., 2014). Average annual data from 2005 to 2010 show that
groundwater use was near 16.5 million acre-fee and 90 percent of this water
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was extracted from 126 of the 515 alluvial groundwater basins (Alemi et al.,
2014).
During drought years California’s reliance on groundwater is obvious. It
is important to note that an increase in groundwater extraction can have
adverse effects such as drying of wells, land subsidence, decreased water
quality, saline intrusion and stream depletion (Alemi et al., 2014). One study
showed that, during a 108-month period, the Colorado River lost an estimated
52.5 million acre-feet of surface water caused by the use of underlying
aquifers (Castle, et al., 2014).
The drought conditions have grabbed the attention of many state and
local politicians, water agencies and private associations where efforts are
beginning to concentrate on implementing strategies to better manage our
water resources. Governor Jerry Brown declared a statewide drought
emergency on January 17, 2014 and directed state officials to prepare for
drought conditions (ca.gov, 2014).
On July 15, 2014, in response to the ongoing drought and by the
direction of Governor Jerry Brown, the State Water Resource Control Board
(SWRCB) approved an emergency regulation to increase conservations by
targeting outdoor water use (ca.gov, 2014). Text of the emergency regulation
prohibits activities for all urban water users such as:


The application of potable water to any driveway or sidewalk.
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Using potable water to water outdoor landscapes in a manner
that causes runoff.



Using a hose that dispenses potable water to wash a motor
vehicle, unless the hose is fitted with a shutoff nozzle.



Using potable water in a fountain or decorative water feature,
unless the water is recirculated.

It must be noted that the mandatory regulation does not restrict or limit
the use of recycled water. Additionally, in some areas of the State, 50 percent
of urban water use is applied to lawns or outdoor landscaping which could
instead be supplied by recycled water (ca.gov, 2014).
Groups such as the Association of California Water Agencies (ACWA)
have been assembled to assess the drought in order to understand the needs
of different communities and to strategize and create priority actions in an
effort to move towards a resilient water management system (ACWA, 2014).
The ACWA has defined three types of Priority Actions: (1) Immediate Actions
(Infrastructure and Funding Needs, Groundwater Sustainability, Regulatory
and Operational Efficiencies and Water Transfers), (2) Short-Term Actions
(Innovative Technologies and Drought Planning) and (3) Longer-Term Actions
(Longer-Term Infrastructure Needs).
“Innovative Technologies” a part of the ACWA’s “Short-Term Actions”
has highlighted the importance of creating opportunities for conjunctive uses;
treating contaminated drinking water; and using recycled water and treated
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seawater. Recycled water as a source for supplementing potable water is a
sustainable strategy that will prove to be an essential tactic in any water
management plan. The use of recycled water in California continues to
increase every year. In 2009, approximately 646,100 acre-feet of recycled
water was supplied for non-potable uses. It is estimated that California has the
potential to increase the use of recycled water by 1.4 to 1.7 million acre-feet
per year by the year 2030 by the use of wastewater treatment processes
(Anderson et al. 2010).
City of Banning Water Supply and Demand
The City of Banning was incorporated in 1913, is located in Riverside
County and has a current population of approximately 29,603. It is estimated
that over the next 25 years, the City’s population will grow by approximately
19,000 people, at an average growth rate of 760 people per year (Geoscience.
UWMP, 2011). The City’s General Plan calls for a population of 80,226 at its
final buildout year, 2060.
The City of Banning, at an approximate elevation of 2,500 feet above
mean sea level (amsl), is situated in the San Gorgonio Pass between the San
Bernardino and San Jacinto Mountains. Mount San Gorgonio, at an elevation
of 11,502 feet amsl bounds the City of Banning on the north and Mt. San
Jacinto, 10,834 amsl, bounds the City of Banning on the south. To the west of
Banning, lies the City of Beaumont which shares many of the same geological
features as Banning.
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The western Banning city limit delineates the surface drainage divide
between the Santa Ana River watershed to the west of the divide and the
Whitewater River watershed to the east of the divide. Also, the divide splits the
jurisdictional boundaries between the Santa Ana Regional Water Quality
Control Board (RWQCB) and the Colorado River RWQCB. It is important to
note that the Beaumont storage unit, which is under the jurisdiction of the
Santa Ana RWQCB and discussed later in this report, begins in Beaumont and
stretches approximately 2.1 miles into the City of Banning. To the east of the
City of Banning is the Morongo Indian Reservation, a sovereign nation, and
Cabazon, an unincorporated area of Riverside County.
Perennial Yield Estimates
Groundwater production in the City of Banning originates from five
groundwater storage units that make up the San Gorgonio Pass Subbasin
(subbasin). The geology encompassed by the boundaries of the subbasin is
very important to the quantity and quality of water available to the City of
Banning. Faulting and subsequent erosion has resulted in alluvial deposits,
ranging in age from Tertiary to Quaternary, overlying a consolidated basement
complex consisting of igneous and metamorphic rocks such as San Jacinto
granodiorite, gneisses, schists, and quartz monzonite (Geoscience, 2011).
There is a vital network of faults within the confines created by Mount
San Gorgonio and Mount San Jacinto, which make up an important system
that defines the boundaries of the groundwater storage units, as shown in
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Appendix B, Figure 4. As cited in the City of Banning’s Maximum Perennial
Yield Estimates for the Banning and Cabazon Storage Units, and Available
Water Supply from the Beaumont Basin (Yield Study), the Banning Fault runs
east to west along the northern part of the City and separates the Banning
storage unit from the Banning Canyon storage unit. The Yield Study also
describes the San Gorgonio Pass Fault Zone, a concentrated fault zone under
the valley floor comprised of the Banning, Central Banning and Eastern
Banning Barrier Faults. These three faults define the boundaries of the
Banning and Cabazon storage units.
In 1971, the United States Geological Survey (USGS) defined the
boundaries of the storage units within the subbasin based on static water
levels in production wells. Again, in 2006, the USGS reevaluated and
consequently redefined the boundaries of storage basins based on static
water levels, bedrock outcrops and geologic faults (Geoscience, 2011).
The San Gorgonio subbasin encompasses five groundwater storage
units important to the water supply of the City of Banning: (1) Beaumont,
(2) Banning, (3) Banning Bench, (4) Banning Canyon, and (5) Cabazon
storage units (see Appendix B, Figure 4). The groundwater within the subbasin
flows from northwest to southeast with hydraulic gradients across Banning at a
rate of 90 feet per mile. In the canyon areas steeper gradients are observed,
approximately 300 to 500 feet per mile. At the City of Banning westerly city
limits the groundwater has been recorded at 2,160 feet amsl, whereas at the
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east city limit the groundwater level has been recorded at 1,550 feet amsl. It is
understood that the faults that define the individual storage units do not
completely impede the flow of water from one unit to the next, although at this
point the flow rates at which the underflow occurs is not clearly known. For the
estimates of this flow, the Yield Study used leakance factors provided by the
USGS.
(1) Beaumont Storage Unit. The Beaumont storage unit is the most
westerly storage unit in the subbasin. A 2004 adjudication of the Beaumont
storage unit resulted in an appropriative right of 31.43% of the share of the
safe yield allocated to five appropriators: City of Banning, City of Beaumont,
Beaumont Cherry Valley Water District, South Mesa Water Company and the
Yucaipa Valley Water District. The City of Banning estimates that its use from
the Beaumont storage unit will equal 2,514 acre-feet per year (Geoscience,
2011).
(2) Banning Storage Unit. The Banning storage unit covers an area of
approximately 2,489 acres, has an estimated saturated thickness of 600 feet
and approximate groundwater storage of 211,000 to 244,000 acre-feet. The
estimate safe yield, or inflow into the basin, of the Banning Storage Unit is
1,130 acre-feet per year (Geoscience, 2011).
(3) Banning Bench Storage Unit. The Banning Bench storage unit
covers an area of 3,753 acres, has an estimated saturated thickness of 30
feet, and approximate groundwater storage of 1,200 to 1,500 acre-feet. The

11

estimate safe yield of the Banning Bench Storage Unit is approximately 1,960
acre-feet per year (Geoscience, 2011).
(4) Banning Canyon Storage Unit. The Banning Canyon storage unit
extends from the Banning Bench storage unit to the northerly city limits. It has
an area of 1,058 acres, an estimated saturated thickness of 161 feet and
storage of 12,000 to 13,500 acre-ft. The estimate safe yield of the Banning
Canyon Storage Unit is 4,070 acre-feet per year (Geoscience, 2011).
(5) Cabazon Storage Unit. The furthest east and largest unit in the
subbasin is the Cabazon storage unit. It covers an area of 17,222 acres
extending east to the Indio storage unit. It has an estimated saturated
thickness of 350 feet and storage of 880,000 to 1,000,000 acre-ft. As a point
of reference for the size of the storage units one can use the Metropolitan
Water District’s (MWD) Diamond Valley Reservoir, one of the largest man
made reservoirs in Southern California, which has a maximum capacity of
810,000 acre-feet (dvlake.com, 2015).
The safe yield of the Cabazon storage unit is 15,765 acre-feet per year.
Currently the safe yield, or inflow, of the Cabazon basin is greater than the
outflow. The City of Banning currently has one equipped well in the Cabazon
Storage Unit which averages an extraction from the Cabazon Storage Unit of
approximately 710 acre-feet per year. It is estimated that there is a positive net
balance between inflow and outflow of 1,805 acre-feet per year; therefore the
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City’s potential extraction from the Cabazon Storage Unit is equal to 2,515
acre-ft per year.
Included in the hydrologic balance estimates of the Cabazon Storage
Unit is a 2,655 acre-ft per year of secondary treated effluent discharge from
the City of Banning’s WWTP.
Table 1 in Appendix C summarizes the safe yields for the five storage
units.
Table 1 takes into account the City’s State Water Project (SWP), Table
A Entitlement, which is an allocation of water delivered by the Department of
Water Resources to 29 urban and agricultural water suppliers. The City of
Banning receives water from the San Gorgonio Pass Water Agency (SGPWA),
one of the 29 suppliers to receive water from the SWP. It is assumed that the
City of Banning’s allocation is equal to 25% of the water delivered by the SWP
to SGPWA, approximately 2,595 acre-feet per year. It is also noted in the
City’s Urban Water Management Plan (UWMP) that the average reliability of
the SWP deliveries is 60 percent (Geoscience, 2011). As previously
mentioned, since the construction of the SWP in 1960, there was a short
period in 2014 when deliveries did not occur, which was directly influenced by
the current drought. Additionally, Table 1 includes values for average years
and do not include values estimated for single-dry and multiple-dry water
years, which can be found in Table 2 and Table 3 (Appendix C).
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Supply versus Demand
The City’s 2010 Urban Water Management Plan (UWMP) estimated the
City’s future water demand based on projected population increases, water
conservation requirements outlined in the Water Conservation Act of 2009
(20x2020 Plan) and a baseline per capita water use of 315 gallons per day
(gpd). Table 4 in Appendix C provides a summary of the estimated demands.
There is an assumption in the estimates shown that by the year 2020
the City of Banning would have fully implemented California’s 20x2020 plan
which requires a 20 percent reduction in the per capita water use with an
incremental reduction of 10 percent by the end of 2015.
As listed in Table 1, the available water to the City of Banning is a total
of 14,784 acre-ft, which includes 2,595 acre-ft of imported water from the
SWP. As previously explained, this water does not come from a reliable
source and can vary from year to year dependent on how much rain and snow
is received in the northern part of the state. If imported water is removed from
the City of Banning’s portfolio, the annual available water equals 12,189 acreft, which is less than the proposed demand quantity beginning in the year
2030. The difference between the supply and demand in this case can easily
be made up by recycled water. As discussed in the next section, the City of
Banning’s WWTP treats and discharges 2.5 MGD, which is equivalent to
2,800.37 acre-ft per year.
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Furthermore, the City’s 2010 UWMP also includes estimates of water
supplies during single and multiple-dry years which can be found in Appendix
C as Table 2 and Table 3, respectively. In a single year, it is estimated that the
water supplies would amount to approximately 9,605 acre-ft per year. During
multiple-dry years the water supplies are further reduced to 9,210 acre-ft per
year. In the worst case, which is the multiple-dry year scenario, the City could
possible meet its water demand by the use of recycled water. It should also be
noted that during multiple-dry years, the City could implement conservation
measures to reduce water use.
Unlike imported water, recycled water does not have seasonal
variations. The WWTP receives and treats the same quantity of raw
wastewater during the summer season as it does the rainy season. This is
also true during droughts. Typically, during droughts, provisions are made to
reduce the amount of outside water use (e.g. landscape irrigation) which
would not go to the WWTP.
Well NP-1
Although the Cabazon Storage Unit has an available extraction amount
of 2,515 acre-ft per year, the City of Banning has, on average, extracted just
710 acre-feet per year from the only equipped well it has within the basin. The
City currently has an un-equipped well, Well NP-1 within the Cabazon Storage
Unit.
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In 1990, the City of Banning constructed NP-1 within the Cabazon
Storage Unit approximately 1,500 feet away from the WWTP percolation
ponds. Due to the well’s proximity to the ponds, the State Water Resources
Control Board did not allow the use of the well as a potable water source due
to concerns of contamination from the WWTP effluent.
Currently, the City’s WWTP treats an average of 2.5 million gallons a
day (MGD) and is expected to receive 5.4 MGD of influent wastewater by the
year 2030 (Parsons, 2008). The current treatment process includes screening,
grit removal, primary clarification, trickling filters and secondary clarifiers.
Anaerobic digesters and sludge drying beds are used for sludge stabilization
and dewatering. The resulting effluent is of non-disinfected secondary
standards.
The discharge of the effluent wastewater is permitted by the Colorado
River Regional Water Quality Control Board Order No. 01-022, “Waste
Discharge Requirements for the City of Banning Wastewater Treatment Plant”
(Order No. 01-022). Table 5 (Appendix C) summarizes the discharge limits as
well as the 2014 average values in the WWTP effluent.
In a study prepared for the City of Banning in 2008 it was recorded that
the Total Nitrogen (TN) values in the effluent wastewater were in a range from
12 to 33 mg/L with an average value of 22.4 mg/L. The minimum, average,
and maximum nitrate-N concentrations during the same period are 9, 14 and
24 mg/L, respectively (Parsons, 2008). As part of the 2008 study, a 24-hour
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composite sample was performed in June 2008 to monitor the total organic
carbon (TOC) concentration. The results indicated a level of 14 mg/L in the
effluent (Parsons, 2008).
During the drilling of NP-1 in 1990, a test pump procedure was
conducted to determine the potential production capacity of the well. The
estimated annual production of Well NP-1 was calculated to be 1,600 acrefeet. Additionally, water samples were taken from four aquifer zones during the
drilling of the well to assess if the wastewater effluent was impacting the
groundwater aquifer. The four zones sampled were: Zone 4: 410 to 430 feet
below ground surface (fbgs); Zone 3: 480 to 500 feet fbgs; Zone 2: 550 to 570
fbgs; and Zone 1: 600 to 620 fbgs.
Table 6 (Appendix C) lists the results of the testing conducted on the
samples and compares them to the Maximum Contaminant Levels (MCL) for
drinking water as defined by the California Department of Public Health
(CDPH).
The total dissolved solids (TDS) levels in the shallowest zone exceeded
the MCL levels. Iron levels also exceeded the MCL levels at all zones except
for the deepest zone. Nitrate and Chloride concentrations where recorded
below the MCL levels. Therefore, the groundwater would not meet drinking
water quality standards and thus NP-1 could not be considered a potable
water source.
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Soil Aquifer Treatment (SAT)
Effluent water discharged from the WWTP into the percolation ponds
eventually reaches the aquifer and is then made available for extraction at NP1. Before extraction at NP-1, the effluent goes through one last treatment
process which is called Soil Aquifer Treatment (SAT), which is used in many
countries as a water recycling method (Bouwer, et al., 2012). This section will
review the SAT treatment process and its potential for reducing constituents.
The SAT system can be viewed as a large filtration columns filled with
soil that allows drainage through it. The SAT system purifies treated
wastewater as it flows through the unsaturated zone below the infiltration
basin. There are three major processes that make up the SAT system:
(1) physical, (2) chemical and (3) biological (Idelovitch, 1984).
(1) Physical Process. This consists of the filtration of suspended
colloidal matter, including algae and bacteria, occurs throughout the top layer
of the soil (Idelovitch, 1984). It has been found that virus removal is inversely
proportioned to infiltration rate and the removals ranged from 50% to 99%
(Amy et al., 1984). A water residence time in the infiltration interface is in the
order of hours (Arnold et al., 2006). Typically, secondary treated wastewaters
applied to an SAT contain relatively high concentrations of suspended solids
which are considerably reduced through the physical process.
(2) Chemical Process. Secondary treated wastewaters can at times
contain concentrations of phosphorous, boron, sodium, potassium, trace
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elements and some organic compounds all of which can be effectively
removed with SAT by precipitation, cation exchange and adsorption
(Idelovitch, 1984). Removal of phosphorous and trace elements occurs by
adsorption to clay and silt in soils and by chemical precipitation.
Concentrations of sodium and potassium are reduced by a cation exchange
process (Idelovitch, 1984). Secondary treated effluents require soils with
significant cation exchange capacity to adsorb ammonia and require longer
wet and dry cycle times to induce anoxic and aerobic cycling (Amy et al.,
1984).
(3) Biological Process. Breakdown of organic substances, nitrification
and denitrification, occur in the vadose zone and in the aquifer. Water
residence times in the vadose zone may be days to weeks and storage times
in the aquifer are from months to years (Arnold et al., 2008). The biological
process also includes the recarbonation of water by bacterial activity
(Idelovitch, 1984). Nitrogen is often found in treated wastewaters in the form of
ammonia and organic nitrogen. During the SAT process nitrification occurs as
long as aerobic conditions are present. In one specific test a SAT system had
a 69% removal rate of nitrogen (Arnold et al., 2008).
SAT systems also have the capability to remove bacteria which are
indicators of fecal coliform and streptococcus faecalis (Idelovitch, 1984).
Treated wastewaters typically have large amounts of organic
substances. Dissolved organic carbon (DOC) in treated wastewaters, which
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are comprised of natural organic matter (NOM) and organic matter generated
during the wastewater treatment process, can be treated during the SAT
process. One study showed that during the SAT process DOC is converted
into organics that more closely resemble NOM. In the study a removal of DOC
(> 10 mg/L) was observed (Amy et al., 2006).
It has also been shown that SAT systems can be effective in the
removal of some pharmaceuticals and personal care products (PPCPs) and
endocrine-disrupting compounds (EDCs).
One study showed that 10 of 14 PPCPs applied to a SAT were reduced
by 45% and in another test 4 of 52 applied PPCPs where detected in
groundwater after only 120cm of subsurface travel (Bouwer et al., 2012).
California Recycled Water Regulations
This section will summarize the applicable regulations related to
recycled water in California.
There are two major elements in the California Code of Regulations
(CCR) followed by the State Water Resources Control Board Division of
Drinking Water: Title 17 CCR, Division 1, Chapter 5 (Title 17) and Title 22
CCR, Division 4, Chapter 3 (Title 22).
Title 17 focuses on mandatory cross-connection control programs for
the purpose of protecting public water supplies from contamination. Chapter 5
defines a cross-connection as “an actual or potential connection between a
potable water system used to supply water for drinking purposes and any
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source or system containing unapproved water or substance that is not or
cannot be approved as safe, wholesome, and potable.”
Title 22 focuses on the uses of recycled water, types of recycled water
and testing and reporting requirements. Chapter 3 recognizes four types of
recycled water, listed from highest to lowest quality: disinfected tertiary
recycled water, disinfected secondary-2.2 recycled water, disinfected
secondary-23 recycled water and undisinfected secondary recycled water.
Title 22 defines disinfected tertiary recycled water as a filtered and
subsequently disinfected wastewater that meets the following criteria:
(a) filtered wastewater has been disinfected by either (1) a chlorine disinfection
process or (2) a disinfection process that demonstrates to inactivate and/or
remove 99.999% of the plaque forming units of F-specific bacteriophage MS2,
or polio virus; (b) the median total coliform bacteria measured in the
disinfected effluent does not exceed 2.2 per 100 mililiters in 7 days, 23 per 100
milliliters within 30 days, and 240 per 100 milliliters ever.
To further define disinfected tertiary recycled water, Title 22 defines
“filtered wastewater” as wastewater that has been oxidized to meet the
following criteria: (a) has been coagulated and passed through natural
undisturbed soils or a bed of filter media (1) at a rate that does not exceed 5
gallon per minute per square foot of surface area, (2) the turbidity of the
filtered wastewater does not exceed any of the following: (i) an average of 2
NTU within a 24 hour period; (ii) 5 NTU more than 5 percent of the time within
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a 24 hour period; and (iii) 10 NTU any time, or (b) has been passed through a
microfiltration, ultrafiltration, nanofiltration, or reverse osmosis membrane.
Title 22 defines disinfected secondary-2.2 recycled water as
wastewater that has been oxidized and disinfected so that a 7 day median
concentration of total coliform bacteria in the effluent does not exceed a most
probable number (MPN) of 2.2 per 100 milliliters. It further limits a single
sample from exceeding an MPN of 23 per 100 milliliters in a 30 day period.
Disinfected secondary-23 recycled water is defined similar to
disinfected-2.2 recycled water. The difference is that that the 7 day median
concentration of total coliform cannot exceed a MPN of 23 per 100 milliliters
and a single sample within a 30 day period cannot exceed a MPN of 240 per
100 milliliters.
Lastly, Title 22 defines undisinfected secondary recycled water as
wastewater that has been oxidized.
Title 22 also regulates how the abovementioned levels of recycled
water can be used. See Appendix D for a complete list of uses of recycled
water.
Title 22 also describes Indirect Potable Reuse Groundwater
Replenishment by Surface and Subsurface application. The requirements for
groundwater replenishment cover topics such as specific lab analyses,
wastewater source control, pathogenic microorganism control, nitrogen
compounds control, regulated contaminants and physical characteristics
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control, diluent water requirements, recycled municipal wastewater
contribution (RWC) requirements, total organic carbon (TOC) and soil aquifer
treatment (SAT) process requirements, additional chemical and contaminant
monitoring and retention time.
Groundwater replenishment projects are required to meet all drinking
water (primary and secondary) maximum contaminant levels (MCLs). Primary
and secondary drinking water MCLs and detection limits for purpose of
reporting (DLR) are listed in Appendix E, Table X.
Constituents of Concern
An increase in public awareness of the potential human health effects
as a result of water reuse (recycled water) has caused a concern and focus on
pharmaceuticals and personal care products (PPCPs) and endocrinedisrupting compounds (EDCs), known as Contaminants of Emerging Concern
(CECs). Although the presence of PPCPs and EDCs in our waters have been
known for decades, it is only recently that advances in technology have
allowed for detection of trace organic chemicals close to the parts-perquadrillion level (Gerrity et al., 2011).
Pharmaceuticals include over-the-counter medication (e.g., aspirin,
acetaminophen, and pseudoephedrine) as well as medications prescribed by a
physician (e.g., Lipitor®, albuterol, amoxicillin) (EPA, 2009). Pharmaceuticals
enter wastewaters by human excretion of ingested pharmaceuticals that were
not completely metabolized (EPA, 2009). Additionally, poor practices such as
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the dumping of expired or unused medications into the wastewater stream
(e.g. toilets) contribute to the presence of pharmaceuticals.
Personal care products include chemicals such as soaps, detergents,
shampoo, cosmetics, sun-screen products, fragrances, insect repellants, and
antibacterial compounds (EPA, 2009).
CECs are not currently regulated. The EPA periodically publishes a list
of priority CECs called the Contaminant Candidate List (CCL). To date, the
EPA has published three CCL list, CCL 1, CCL 2 and CCL 3 published in
1998, 2005 and 2009, respectively (epa.gov, 2014). The EPA then uses the
CCL to develop the Unregulated Contaminant Monitoring (UCM) program
which is used to collect data on a list of contaminants that are chosen based
on the CCLs. The UCM program is currently on its third cycle, Unregulated
Contaminant Monitoring Rule 3 (UCMR3) which requires the monitoring of 28
chemicals and two viruses. Table 7 (Appendix C) contains the complete
UCMR 3 contaminant list and the each contaminant minimum reporting level.
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CHAPTER THREE:
METHODOLOGY
This project includes the objective of analyzing the water quality of
water available for extraction at NP-1 for reclaimed water use. This section will
summarize the methods used to extract and test water samples from the well.
Currently, NP-1 sits in an empty field on the southeast quadrant of the
City of Banning approximately 1,500 feet away from the WWTP percolation
ponds (see figure X, Appendix B, where un-disinfected secondary treated
wastewater is discharged from the WWTP.
NP-1 is currently unequipped with a metal cap covering the well casing
opening. The well casing is 17.375 inches in diameter with a total depth of 700
feet below the ground surface. The static water depth was measured to be 425
feet below the ground surface.
In order to obtain representative water samples of the aquifer condition
there were three main tasks to complete: purging, sampling and testing.
Since NP-1 has remained unused since its construction in 1990, it was
important to purge the well of stagnant water. EPA standard operating
procedures for groundwater sampling require that, at a minimum, three times
the well volume of standing water be purged from the well casing. To
determine the volume of water to purge the following equation was used:
V = 0.041 D2(d2-d1)
V = Volume in gallons
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D = Inside diameter of well casing in inches
d2 = Total depth of well in feet
d1 = Depth to water surface from ground surface in feet
The minimum volume required to purge NP-1 was therefore:
V = 0.041 (17.375)2 (700-425)
V = 3,403.82 gallons
On December 1, 2014, LAYNE, a water management, construction and
drilling company working under an agreement for professional services for the
City of Banning, arrived at the site of NP-1. LAYNE’s scope of work included
providing all equipment, material and labor to pump the well in order to purge
the well casing and obtain water samples (collecting, containerizing and
preserving).
On the first day a generated-powered submersible pump capable of
pumping at a rate of 200 GPM @ 600 feet total dynamic head (TDH) was set
to a depth of 560 feet below ground surface, which represents a location equal
to the middle section of the well screen.
On the second day, the well was purged for approximately 4 hours at
200 GPM. Approximately 48,000 gallons of water were purged from the well,
which is greater than the minimum amount required (3,403.82 gallons).
In order to meet the requirements of the City of Banning’s NPDES
permit for surface water discharge, the water purged from the well was
discharged into the nearest WWTP percolation pond, approximately 700 feet
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away from the well. All equipment used during the purging process was
decontaminated prior to use.
Towards the end of the purging process the pumping rate was reduced
in order to allow the well to recharge, at which point a City of Banning
employee took water samples from a gate valve connected to the discharge
hose. Samples were transferred into labeled sample containers and then
loaded into a cooler with ice. A chain of custody form was filled out and then
the samples were delivered to Babcock Laboratories, Inc. located in Riverside,
California. Babcock Laboratories, Inc. is an analytical services company used
by the City of Banning. Babcock Laboratories, Inc. was instructed to perform
Title 22 primary and secondary contaminant analysis and UCMR 3 testing on
the water samples taken.
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CHAPTER FOUR:
RESULTS
Most analytes that are tested for as part of the Title 22 primary and
secondary drinking water standards were non-detectable (ND) in the NP-1
water samples. A result of ND if it is non-existence in the water sample or it is
below the reportable detection limit (RDL). The analytical reports can be found
in Appendix G and summarized in Table X, Appendix C.
The following table includes the most notable results:

Table 1. Title 22 Exceedances
Analyte

MCL

NP-1 Sample

Total Dissolved Solids

5001

510

45

80

Nitrate

1. The limit for discharge over the Beaumont Management Zone is 330 mg/L.
2. MCL = Maximum Contaminant Limit

Nitrate and TDS are the only analytes tested for that exceeded the
MCLs. Nitrate is listed as a primary drinking water standard and TDS is listed
as a secondary drinking water standards as defined by Title 22.
Additionally, one day grab samples were taken from NP-1 and the
WWTP effluent at the WWTP’s discharge point. These samples were used to
obtain the Most Probable Number (MPN) for Total Coliform and E.Coli and the
heterotrophic plate count. The results are summarized in the following tables:
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Table 2. MPN NP-1 Sample
Contaminant

RDL

NP-1 Sample

Total Coliform

1.0 MPN/100ml

NON DETECT

E. Coli

1.0 MPN/100ml

NON DETECT

1.0 CFU/mL

1400

Contaminant

RDL

WWTP Sample

Total Coliform

1.0 MPN/100ml

>2400 MPN/100 ml

E. Coli

1.0 MPN/100ml

>2400 MPN/100 ml

1.0 CFU/mL

>5700

Heterotrophic Plate Count

Table 3. MPN WWTP Sample

Heterotrophic Plate Count

The samples were also tested for UCMR 3 contaminants. The following
table identifies those contaminants that exceeded the reportable detection limit
(RDL).
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Table 4. UCMR3 Exceedances
Contaminant

RDL

NP-1 Sample

Molybdenum

1.0 µg/L

7.0 µg/L

Vanadium

0.20 µg/L

3.9 µg/L

Hexavalent Chromium

0.03 µg/L

0.65 µg/L

1,4-Dioxane

0.07 µg/L

0.57 µg/L

Perfluoro-n-octanoic Acid

0.02 µg/L

0.03 µg/L

Perfluoro-n-heptanoic Acid

0.01 µg/L

0.011 µg/L
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Table 5. Primary Drinking Water Standards: Chemical

Results
mg/L

Maximum
Contaminant
Level, mg/L

Detection Limit for
Purposes of
Reporting (DLR)
(mg/L)

Aluminum

ND

1.0

0.05

Antimony

ND

0.006

0.006

Arsenic

ND

0.010

0.002

Asbestos

ND

7 MFL*

0.2 MFL>10um*

Barium

ND

1.0

0.1

Beryllium

ND

0.004

0.001

Cadmium

ND

0.005

0.001

Chromium

ND

0.05

0.01

Cyanide

ND

0.15

0.1

Fluoride

0.4

2.0

0.1

Hexavalent
chromium

0.00065

0.010

0.001

Mercury

ND

0.002

0.001

Nickel

ND

0.1

0.01

Nitrate (as NO3)

80

45.0

2.0

10.0

-

Chemical

Nitrate+Nitrite
(sum as
nitrogen)
Nitrite (as
nitrogen)

ND

1.0

0.4

Perchlorate

ND

0.006

0.004

Selenium

ND

0.05

0.005

Thallium

ND

0.002

0.001
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Table 6. Primary Drinking Water Standards: Radionuclide
Radionuclide

Results

Radium-226
≤ 5 pCi/L
Radium–228
Gross Alpha particle activity
(excluding radon and uranium)
Uranium

MCL

DLR

5 pCi/L
(combined
radium-226 &
-228)

1 pCi/L
1 pCi/L

5.60 ± 1.7

15 pCi/L

3 pCi/L

1.64 ± 0.837

20 pCi/L

1 pCi/L

Table 7. Primary Drinking Water Standards: Bacterium

Total Coliform

Result

MCL

ND

*

E.Coli
ND
*
*The MCL for Total Coliform and E. Coli are based on the amount of positive
tests during a period of time. The MCL description is listed in §64426.1 of the
Title 22 Regulation.
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Table 8. Primary Drinking Water Standards: Contaminant List

Chemical
(a) Volatile Organic Chemicals (VOCs)
Benzene
Carbon Tetrachloride
1,2-Dichlorobenzene
1,4-Dichlorobenzene
1,1-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethylene
cis-1,2-Dichloroethylene
trans-1,2-Dichloroethylene
Dichloromethane
1,2-Dichloropropane
1,3-Dichloropropene
Ethylbenzene
Methyl-tert-butyl ether
Monochlorobenzene
Styrene
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,2,4-Trichlorobenzene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Trichlorofluoromethane
1,1,2-Trichloro-1,2,2-Trifluoroethane
Vinyl Chloride
Xylenes
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Results

Maximum
Contaminant
Level, mg/L

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.001
0.0005
0.6
0.005
0.005
0.0005
0.006
0.006
0.01
0.005
0.005
0.0005
0.3
0.013
0.07
0.1
0.001
0.005
0.15
0.005
0.200
0.005
0.005
0.15
1.2
0.0005
1.750*

Chemical
(b) Non-Volatile Synthetic Organic Chemicals (SOCs)
Alachlor
Atrazine
Bentazon
Benzo(a)pyrene
Carbofuran
Chlordane
2,4-D
Dalapon
Dibromochloropropane
Di(2-ethylhexyl)adipate
Di(2-ethylhexyl)phthalate
Dinoseb
Diquat
Endothall
Endrin
Ethylene Dibromide
Glyphosate
Heptachlor
Heptachlor Epoxide
Hexachlorobenzene
Hexachlorocyclopentadiene
Lindane
Methoxychlor
Molinate
Oxamyl
Pentachlorophenol
Picloram
Polychlorinated Biphenyls
Simazine
Thiobencarb
Toxaphene
2,3,7,8-TCDD (Dioxin)
2,4,5-TP (Silvex)
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Results

Maximum
Contaminant
Level, mg/L

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.002
0.001
0.018
0.0002
0.018
0.0001
0.07
0.2
0.0002
0.4
0.004
0.007
0.02
0.1
0.002
0.00005
0.7
0.00001
0.00001
0.001
0.05
0.0002
0.03
0.02
0.05
0.001
0.5
0.0005
0.004
0.07
0.003
3 x 10-8
0.05

Chemical

Results

(a) All VOCs, except as listed
Methyl-tert-butyl ether
Trichlorofluoromethane
1,1,2-Trichloro-1,2,2-Trifluoroethane
(b) SOCs
Alachlor
Atrazine
Bentazon
Benzo(a)pyrene
Carbofuran
Chlordane
2,4-D
Dalapon
Dibromochloropropane (DBCP)
Di(2-ethylhexyl)adipate
Di(2-ethylhexyl)phthalate
Dinoseb
Diquat
Endothall
Endrin
Ethylene dibromide (EDB)
Glyphosate
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachlorocyclopentadiene
Lindane
Methoxychlor
Molinate
Oxamyl
Pentachlorophenol
Picloram
Polychlorinated biphenyls (PCBs)
(as decachlorobiphenyl)
Simazine
Thiobencarb
Toxaphene
2,3,7,8-TCDD (Dioxin)
2,4,5-TP (Silvex)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
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Maximum
Contaminant
Level, mg/L
0.0005
0.003
0.005
0.01
0.001
0.0005
0.002
0.0001
0.005
0.0001
0.01
0.01
0.00001
0.005
0.003
0.002
0.004
0.045
0.0001
0.00002
0.025
0.00001
0.00001
0.0005
0.001
0.0002
0.01
0.002
0.02
0.0002
0.001
0.0005
0.001
0.001
0.001
5 x 10-9
0.001

Table 9. Secondary Drinking Water Standards: Constituents

Constituents
Aluminum
Color
Copper
Foaming Agents (MBAS)
Iron
Manganese
Methyl-tert-butyl ether (MTBE)
Odor—Threshold
Silver
Thiobencarb
Turbidity
Zinc

Results

Maximum
Contaminant
Levels/Units

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
1.8
ND

0.2 mg/L
15 Units
1.0 mg/L
0.5 mg/L
0.3 mg/L
0.05 mg/L
0.005 mg/L
3 Units
0.1 mg/L
0.001 mg/L
5 Units
5.0 mg/L

Table 10. Secondary Drinking Water Standards: Constituent, Units
Maximum Contaminant Level Ranges
Constituent, Units
Total Dissolved Solids, mg/L

Results Recommended Upper

Short
Term

510

500

1,000

1,500

Specific Conductance, µS/cm

700

900

1,600

2,200

Chloride, mg/L

41

250

500

600

Sulfate, mg/L

46

250

500

600

or
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CHAPTER FIVE:
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Summary
As California continues to record its driest years on record, many water
agencies are witnessing their water supplies diminish. Much of southern
California cities rely on imported water from the northern part of the state.
Many of the State’s regional reservoirs that are replenished by rainfall and
snowmelt and provide water to southern California have been affected by the
drought. As tracked by the California Department of Water Resources, all
major reservoirs, except for one (Pyramid Lake), are currently below historical
averages.
California’s drought conditions combined with static water use patterns
has many state and local politicians concentrating their effort on implementing
strategies to conserve water. On January 17, 2014 Governor Jerry Brown
declared a statewide drought emergency which was preceded by the adoption
of an emergency regulation prohibiting the use of water for non-essential
activities.
Similar to many agencies in California, the City of Banning has begun to
look at other water resources to continue to supply water to its residents.
Banning has a unique situation in that it is the sole user of all but one
(Beaumont Storage Unit) of the local aquifers within the boundaries of the City.
A recent safe yield study of the local aquifers has estimated the amount of
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water the City can annually extract from them. The information from the study
was used to update the city’s 2010 Urban Water Management Plan (UWMP),
a report required by the State Water Resource Control Board to be updated
every five years. The UWMP is an important planning document that defines a
water supplier’s available resources and compares them with projected water
demands. The City of Banning is projected to have available, on an average
year, 14,784 acre-ft. This volume of water takes into account imported water
deliveries in the amount of 2,595 acre-ft. The imported water, which is
transported from central California via the State Water Project (SWP), has
proven to be an unreliable source (60% reliability). The UWMP also estimates
that by 2035 the City of Banning’s water demand will reach approximately
13,705 acre-ft.
It is noted that the supply currently exceeds the demand, which can
only remain true with imported water. In the scenario that imported water
deliveries would stop, as it did in 2014 for the first time since the construction
of the SWP, the City would fall short by 1,516 acre-ft per year.
The City could easily make up the shortfall in this scenario by the use of
recycled water. Currently, the City’s wastewater treatment plant receives and
treats to undisinfected secondary recycled water standards approximately 2.5
MGD. Although the treated wastewater is considered recycled water, it can
only be used for applications such as irrigating orchards, vineyards and other
food crops where the recycled water does not come into contact with edible
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portion of the crop (Title 22). Unfortunately, there currently are no potential
users of undisinfected secondary recycled water in the City’s customer base.
The recycled water from the City’s WWTP is discharged into a series of
percolation ponds where it undergoes one last treatment, called soil aquifer
treatment (SAT). The SAT process is a process that further treats the recycled
water as it travels through the unsaturated zone below the percolation basin
and includes a physical, chemical and biological process.
The SAT effluent is available for extraction at a City owned well named
NP-1. The City of Banning constructed NP-1 in 1990 immediately downstream
of the percolation ponds used by the WWTP. The purpose of this project is to
determine if the SAT process further treats the WWTP effluent to higher
standards for the use of irrigating golf courses and landscaping. As allowed by
California’s Regulations for Recycled Water, tertiary disinfected, disinfected
secondary – 2.2 recycled water and disinfected secondary - 23 recycled water
can be supplied to restricted golf courses.
Conclusion
Tertiary Disinfected Recycled Water
For tertiary disinfected recycled water the treated water must meet two
main criteria: filtered and disinfection. Per Title 22 requirements, the turbidity
of filtered wastewater cannot exceed 2 NTU within a 24 hour period. Water
samples were retrieved at NP-1 and analyzed. In this case, the water quality
analyses resulted in a turbidity value of 1.8 NTU, which is below the Title 22
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requirement, therefore the water available at NP-1 meets the “filtered
wastewater” requirement for this sample.
Additionally, the tertiary disinfected effluent cannot exceed a total
coliform bacteria MPN value of 2.2 per 100 milliliters. The MPN value must be
established using seven days for which the analyses have been completed.
Additionally, the MPN value cannot exceed a MPN value of 23 per 100
milliliters in more than on sample in a 30 day period. Lastly, the recycled water
can never exceed an MPN value of 240 per 100 milliliters. The NP-1 water
samples, which were obtained during a one day grab sample, had a total
coliform MPN value of less than 1.0. This value is lower than the allowable
maximum MPN value.
It should be noted that the total coliform bacteria MPN value for the
WWTP effluent during a one day grab sample was greater than 2400. This
value is much larger than the total coliform bacteria MPN value at NP-1,
therefore it is evident that the coliform bacteria are treated during the SAT
process.
The final requirement for tertiary disinfected recycled water is
disinfection. Per Title 22 requirements, the disinfection process must be either
by chlorine disinfection or by a process that removes 99.999 percent of Fspecific bacteriophage MS2 or polio virus in wastewater. This project did not
test the F-specific bacteriophage MS2 or polio virus levels, therefore it is
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uncertain if the water available at NP-1 would meet this criteria. It is possible
that the water would have to be disinfected prior to use.
Disinfected Secondary – 2.2 Recycled Water
Title 22 requires that Disinfected Secondary – 2.2 Recycled Water must
be oxidized and disinfected so that the median concentration of total coliform
in the effluent does not exceed a MPN value of 2.2 per 100 milliliters. The
MPN value must be established using seven days for which the analyses have
been completed. Additionally, the MPN value cannot exceed a MPN value of
23 per 100 milliliters in more than on sample in a 30 day period.
It is likely that with disinfection, NP-1 will meet the Title 22 Disinfected
Secondary – 2.2 Recycled Water criteria and therefore can be used to irrigate
a restricted golf course.
Disinfected Secondary – 23 Recycled Water
Title 22 requires that Disinfected Secondary – 23 Recycled Water must
be oxidized and disinfected so that the median concentration of total coliform
in the effluent does not exceed a MPN value of 23 per 100 milliliters. The MPN
value must be established using seven days for which the analyses have been
completed. Additionally, the MPN value cannot exceed a MPN value of 240
per 100 milliliters in more than on sample in a 30 day period.
It is likely that with disinfection NP-1 will meet the Title 22 Disinfected
Secondary – 23 Recycled Water criteria and therefore can be used to irrigate
a restricted golf course. The recycled water produced may have to be treated
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with chlorine to reduce the likelihood of samples exceeding the total coliform
and e.coli criteria. Additionally, if the recycled water produced is to be
discharged over the Beaumont Basin, the water would have to be blended with
low TDS water in order to achieve an overall TDS lower than 330 mg/L.
Although the City of Banning shows a surplus of water when comparing
supply versus demand the supplies include water from the SWP. As previously
noted, SWP water is an unreliable water source. In order to build self-reliance
the City needs to maximize all available sources including reclaimed water.
The results of testing NP-1 have provided insight on the opportunity to
use NP-1 to produce reclaimed water. The values show that with disinfection it
is likely that the water quality would meet recycled water requirements.
Recommendations
If NP-1 were to be put into production it would produce reclaimed water
for the City’s local golf course. The golf course demand volume would be
much greater than the volume of water that was pumped out of the well during
the testing related to this project, therefore it is recommended that prior to
putting the well into production a 24-hour drawdown test be performed.
Obtaining and analyzing water samples at the end of the 24-hour drawdown
would provide a better representation of the water quality the City could expect
from the aquifer during the production of reclaimed water.
Additionally, this project did not confirm that the available water would
meet the disinfection criteria required for Tertiary Disinfected Recycled Water.
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Confirmation is required in order to determine if disinfection at the well is
required.
Also, water samples taken to determine the total coliform MPN were
done in a single day. Regulations require that the MPN value be a seven day
average to determine compliance, therefore it is not confirmed that the water
available at NP-1 meets the criteria for both disinfected secondary – 2.2
recycled water and disinfected secondary – 23 recycled water.
It is also recommended that the City discuss water quality requirements
of the golf course and the impacts the water quality of the available reclaimed
water may have on the golf course landscaping and grass.

43

APPENDIX A:
LETTER OF PERMISSION
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APPENDIX B:
FIGURES
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Figure 1: U.S. Drought Monitor (National Drought Mitigation Center, U.S.
Drought Monitor; http://droughtmonitor.unl.edu/)
The figure illustrates the intensity levels of the drought throughout the U.S.

47

Figure 2: California Precipitation Rankings (Weather Underground,
http://www.wunderground.com/blog/weatherhistorian)
The figure shows that the least amount of precipitation in recorded history
occurred in 2013, with the exception of the South Interior area.
48

Figure 3: California Reservoir Levels (Department of Water Resources, Data
Exchange Center; http://cdec.water.ca.gov/)

49

Figure 4 (Geoscience, Urban Water Management Plan, 2011)
The figure illustrates the local groundwater storage units within the City of
Banning.

50

Figure 5.
This figure shows the location of Well NP-1 and its proximity the City of
Banning Wastewater Treatment Plant. Ground water flows in the direction of
NP-1 from the percolation ponds.
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APPENDIX C:
TABLES
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Table 1: Safe Yields of Storage Units
Storage Unit

Acre-Feet per Year

Beaumont Storage Unit

2,514

Banning Storage Unit

1,130

Banning Bench Storage Unit

1,960

Banning Canyon Storage Unit

4,070

Cabazon Storage Unit

2,515

SWP Table A Entitlement

2,595

Total
14,784
Source: Maximum Perennial Yield Estimates, Geoscience

Table 2: Single-Dry Water Year Supply by Storage Unit
Storage Unit

Acre-Feet per Year

Beaumont Storage Unit

2,514

Banning Storage Unit

1,103

Banning Bench Storage Unit

733

Banning Canyon Storage Unit

4,070

Cabazon Storage Unit

1,185

Total
9,605
Source: Maximum Perennial Yield Estimates, Geoscience
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Table 3: Multiple-Dry Water Year Supply by Storage Unit
Storage Unit

Acre-Feet per Year

Beaumont Storage Unit

2,514

Banning Storage Unit

843

Banning Bench Storage Unit

598

Banning Canyon Storage Unit

4,070

Cabazon Storage Unit

1,185

Total
9,210
Source: Maximum Perennial Yield Estimates, Geoscience

Table 4: Projected Water Demands
2015 acre-ft

2020 acre-ft

2025 acre-ft

2030 acre-ft

2035 a acre-ft

10,376
10,183
11,243
12,413
Source: Urban Water Management Plan, Geoscience

13,705

Table 5: WWTP Permit Discharge Limits and Effluent Averages
Item

Permit Limit
(30 Day Mean)

2013 Average
(30 Day Mean)

Biochemical Oxygen Demand (BOD)

30 mg/l

24

Total Suspended Solids (TSS)

30 mg/l

19

Total Dissolved Solids (TDS)

605 mg/l

439

pH
6-9
7.3
Source: Wastewater Treatment Plan Discharge Quality Report, Parsons
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Table 6: NP-1 Zone Testing Results
Zone Depth

TDS (mg/L)
MCL = 500

Nitrate (mg/L)
MCL = 45

Iron (µg/L)
MCL = 300

Chloride (mg/L)
MCL = 250

410 – 430

530

22

800

50

480 – 500

280

29

420

23

550 – 570

260

27

460

21

24

190

28

600-620
325
Source: E.S. Babcock and Sons

Table 7: UCMR 3 Contaminant List
CAS Registry
Number1

Minimum Reporting
Level

1,2,3-trichloropropane

96-18-4

0.03 µg/L

1,3-butadiene

106-99-0

0.1 µg/L

chloromethane (methyl chloride)

74-87-3

0.2 µg/L

1,1-dichloroethane

75-34-3

0.03 µg/L

bromomethane (methyl bromide)

74-83-9

0.2 µg/L

chlorodifluoromethane (HCFC-22)

75-45-6

0.08 µg/L

bromochloromethane (halon 1011)

74-97-5

0.06 µg/L

123-91-1

0.07 µg/L

Contaminant
Seven Volatile Organic Compounds

One Synthetic Organic Compounds
1,4-dioxane
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CAS Registry
Number1

Minimum Reporting
Level

vanadium

7440-62-2

0.2 µg/L

molybdenum

7439-98-7

1 µg/L

Cobalt

7440-48-4

1µg/L

strontium

7440-24-6

0.3 µg/L

chromium3

N/A4

0.2 µg/L

chromium-6

18540-29-9

0.03 µg/L

14866-68-3

20µg/L

perfluorooctanesulfonic acid (PFOS)

1763-23-1

0.04 µg/L

perfluorooctanoic acid (PFOA)

335-67-1

0.02 µg/L

perfluorononanoic acid (PFNA)

375-95-1

0.02 µg/L

perfluorohexanesulfonic acid
(PFHxS)

355-46-4

0.03 µg/L

perfluoroheptanoic acid (PFHpA)

375-85-9

0.01 µg/L

perfluorobutanesulfonic acid (PFBS)
Source: US EPA

375-73-5

0.09 µg/L

Contaminant
Six Metals

One Oxyhalide Anion
chlorate
Six Perfluorinated Compounds

Table 8:

Chemical

Maximum
Contaminant
Level, mg/L

Detection Limit for
Purposes of
Reporting
(DLR) (mg/L)

Aluminum

1.

0.05

Antimony

0.006

0.006

Arsenic

0.010

0.002

7 MFL*

0.2 MFL>10um*

1.

0.1

Asbestos
Barium
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Chemical

Maximum
Contaminant
Level, mg/L

Detection Limit for
Purposes of
Reporting
(DLR) (mg/L)

Beryllium

0.004

0.001

Cadmium

0.005

0.001

Chromium

0.05

0.01

Cyanide

0.15

0.1

Fluoride

2.0

0.1

Hexavalent chromium

0.010

0.001

Mercury

0.002

0.001

Nickel

0.1

0.01

Nitrate (as NO3)

45.

2.

Nitrate+Nitrite (sum as nitrogen)

10.

-

Nitrite (as nitrogen)

1.

0.4

Perchlorate

0.006

0.004

Selenium

0.05

0.005

Thallium

0.002

0.001

MCL

DLR

5 pCi/L (combined
radium-226 & -228)

1 pCi/L

Gross Alpha particle activity
(excluding radon and uranium)

15 pCi/L

3 pCi/L

Uranium

20 pCi/L

1 pCi/L

Table 9:
Radionuclide
Radium-226
Radium–228
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1 pCi/L

Table 10:
MCL
Total Coliform

*

E.Coli
*
*The MCL for Total Coliform and E. Coli are based on the amount of positive
tests during a period of time. The MCL description is listed in §64426.1 of the
Title 22 Regulation.
Table 11:
Maximum
Contaminant
Level, mg/L

Chemical
(a) Volatile Organic Chemicals (VOCs)
Benzene

0.001

Carbon Tetrachloride

0.0005

1,2-Dichlorobenzene

0.6

1,4-Dichlorobenzene

0.005

1,1-Dichloroethane

0.005

1,2-Dichloroethane

0.0005

1,1-Dichloroethylene

0.006

cis-1,2-Dichloroethylene

0.006

trans-1,2-Dichloroethylene

0.01

Dichloromethane

0.005

1,2-Dichloropropane

0.005

1,3-Dichloropropene

0.0005

Ethylbenzene

0.3

Methyl-tert-butyl ether

0.013

Monochlorobenzene

0.07

Styrene

0.1

1,1,2,2-Tetrachloroethane

0.001

Tetrachloroethylene

0.005

Toluene

0.15

1,2,4-Trichlorobenzene

0.005
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Maximum
Contaminant
Level, mg/L

Chemical
1,1,1-Trichloroethane

0.200

1,1,2-Trichloroethane

0.005

Trichloroethylene

0.005

Trichlorofluoromethane

0.15

1,1,2-Trichloro-1,2,2-Trifluoroethane

1.2

Vinyl Chloride

0.0005

Xylenes

1.750*

(b) Non-Volatile Synthetic Organic Chemicals (SOCs)
Alachlor

0.002

Atrazine

0.001

Bentazon

0.018

Benzo(a)pyrene

0.0002

Carbofuran

0.018

Chlordane

0.0001

2,4-D

0.07

Dalapon

0.2

Dibromochloropropane

0.0002

Di(2-ethylhexyl)adipate

0.4

Di(2-ethylhexyl)phthalate

0.004

Dinoseb

0.007

Diquat

0.02

Endothall

0.1

Endrin

0.002

Ethylene Dibromide

0.00005

Glyphosate

0.7

Heptachlor

0.00001

Heptachlor Epoxide

0.00001

Hexachlorobenzene

0.001
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Maximum
Contaminant
Level, mg/L

Chemical
Hexachlorocyclopentadiene

0.05

Lindane

0.0002

Methoxychlor

0.03

Molinate

0.02

Oxamyl

0.05

Pentachlorophenol

0.001

Picloram

0.5

Polychlorinated Biphenyls

0.0005

Simazine

0.004

Thiobencarb

0.07

Toxaphene

0.003
3 x 10-8

2,3,7,8-TCDD (Dioxin)
2,4,5-TP (Silvex)

0.05

Table 12:
Detection Limit
for Purposes of
Reporting
(DLR)(mg/L)

Chemical
(a) All VOCs, except as listed
Methyl-tert-butyl ether
Trichlorofluoromethane
1,1,2-Trichloro-1,2,2-Trifluoroethane
(b) SOCs
Alachlor
Atrazine
Bentazon
Benzo(a)pyrene
Carbofuran
Chlordane
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0.0005
0.003
0.005
0.01
0.001
0.0005
0.002
0.0001
0.005
0.0001

Detection Limit
for Purposes of
Reporting
(DLR)(mg/L)

Chemical
2,4-D
Dalapon
Dibromochloropropane (DBCP)
Di(2-ethylhexyl)adipate
Di(2-ethylhexyl)phthalate
Dinoseb
Diquat
Endothall
Endrin
Ethylene dibromide (EDB)
Glyphosate
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachlorocyclopentadiene
Lindane
Methoxychlor
Molinate
Oxamyl
Pentachlorophenol
Picloram
Polychlorinated biphenyls (PCBs)
(as decachlorobiphenyl)
Simazine
Thiobencarb
Toxaphene
2,3,7,8-TCDD (Dioxin)
2,4,5-TP (Silvex)

0.01
0.01
0.00001
0.005
0.003
0.002
0.004
0.045
0.0001
0.00002
0.025
0.00001
0.00001
0.0005
0.001
0.0002
0.01
0.002
0.02
0.0002
0.001
0.0005
0.001
0.001
0.001
5 x 10-9
0.001

61

Table 13: Secondary Standards: Constituents
Constituents
Maximum Contaminant Levels/Units
Aluminum

0.2 mg/L

Color

15 Units

Copper

1.0 mg/L

Foaming Agents (MBAS)

0.5 mg/L

Iron

0.3 mg/L

Manganese

0.05 mg/L

Methyl-tert-butyl ether (MTBE)

0.005 mg/L

Odor—Threshold

3 Units

Silver

0.1 mg/L

Thiobencarb

0.001 mg/L

Turbidity

5 Units

Zinc

5.0 mg/L

Table 14: Maximum Contaminant Level Ranges
Maximum Contaminant Level Ranges
Constituent, Units

Recommended Upper

Short Term

Total Dissolved Solids, mg/L

500

1,000

1,500

Specific Conductance, µS/cm

900

1,600

2,200

Chloride, mg/L

250

500

600

Sulfate, mg/L

250

500

600

or
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APPENDIX D:
ALLOWED RECYCLED WATER USES IN CALIFORNIA
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64

(San Diego County Water Authority; http://www.sdcwa.org)
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APPENDIX E:
NP-1 WATER QUALITY ANALYSIS RESULTS
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